An efficient, facile preparation of gem-diacetates or diacetoxy acetals from aldehydes in excellent yields, catalyzed by GaCl 3 , under solvent-free conditions, is described herein.
Introduction
Selective protection of carbonyl function as gem-diacetates (acylals) or gem-bis(acyloxy)-alkanes is an important transformation in organic chemistry 1 as an alternative to acetals because of their stability under neutral and basic conditions 1b as well as under critically controlled acidic conditions. Apart from mere protective groups acylals are important synthons and are useful precursors. The acylals derived from α-β unsaturated aldehydes are important starting materials for Diels-Alder reactions. 2 These gem-diacetates have several synthetic as well as industrial applications. In industries, diactetates are utilized as cross linking reagents 3 in cellulose and cotton industry, being also used as stain bleaching agents. 
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In initial experiments, we used varying quantities of catalyst, viz. from 1 mol% to 20 mol% (Table1). Indeed, we were able to establish the optimum quantity of the catalyst at 5 mol%. In a pilot experiment, p-tolualdehyde, acetic anhydride, and GaCl 3 (1:1.5:0.05), in dichloromethane (Method A), were stirred at room temperature for 3 min to obtain gem-diacetate in 98 % yield.
To show the wide application of this procedure, other aldehydes were reacted analogously to afford gem-diacetates in 80-98 % yields. Under these conditions, reaction time was reduced dramatically and reaction completes within 3-14 minutes (Method A, Table 2 ). After this success we looked for further improvements in this process, viz. to carry this reaction under solvent-free conditions, at room temperature. (Method B). Under solvent-free conditions, equivalent results were obtained and reaction times shortened to 1-6 minutes, affording gemdiacetates in 82-98 % yields. A variety of aromatic, aliphatic and heterocyclic aldehydes are converted to corresponding gem-diacetates using acetic anhydride in the presence of GaCl 3 , in excellent yields, at room temperature, and in very short reaction times. All aromatic aldehydes carrying electron-donating or electron-withdrawing substituents reacted well, however, as one can see from Table 2 , yields are slightly lower in aromatic aldehydes with electron-withdrawing groups and in case of conjugated aldehydes, particularly for crotonaldehyde and acrolein (entry 10-11, Table 2 ). This decrease in the yields may be due to the formation of polymeric materials as side products, which is to be expected. To show the selectivity/chemoselectivity of the reaction, it was performed using a mixture of aldehydes and ketones, from which only aldehyde diacetates were obtained (Scheme 2), the ketones remaining unaffected, as illustrated by acetophenone and benzophenone (entries 13-14, Table 2 
Scheme 2
Furthermore, when aldehyde and ketone groups are present in the same molecule, only the aldehyde diacetate was obtained, the ketone moiety remaining intact (Scheme 3). When this reaction was extended to 3-formyl benzopyran-(4H)-4-one, its formyl diacetate was obtained in excellent yields (Scheme 3). 
Conclusions
In conclusion, the present method is a very simple, mild, efficient and convenient catalytic method for the preparation of gem-diacetates from aldehydes under solvent-free conditions using General procedure for the preparation of gem-diacetates -Method A To a stirred solution of aldehyde (2 mmol) and acetic anhydride (3 mmol) in dichloromethane (10 mL), GaCl 3 (17.5 mg, 5 mol%) was added, and the mixture was stirred at room temperature for the time indicated in Table 2 . After reaction completion, the reaction mixture was diluted with dichloromethane and washed with saturated NaHCO 3 solution (3 x 15 mL), and then with saturated brine. The organic layer was dried over anhydrous Na 2 SO 4 and concentrated in vacuo to afford the pure corresponding gem-diacetates. General procedure for the preparation of gem-diacetates under solvent-free conditionsMethod B To a stirred solution of aldehyde (2 mmol) in acetic anhydride (3 mmol), GaCl 3 (17.5 mg, 5 mol %) was added, and the mixture was stirred at room temperature for the time indicated in Table 2 . After completion of reaction, the reaction mixture was extracted with dichloromethane and washed with saturated NaHCO 3 solution (3 x 15 mL), and then with saturated brine. The organic layer was dried over anhydrous Na 2 SO 4 
